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fourth of the pedestrian fatalities. The most profound effect of 
alcohol among pedestrians was exhibited in attempted crossings 
outside of crosswalks, with a use rate of 69% when alcohol use 
was determinable. 

• Dark conditions or insufficient lighting was determined to be a 
major contributing factor in 60% of the cases. Most pedestrians were 
hit at night (71%), more than half of them in locations with operat- 
ing streetlights. In many cases, pedestrians made unexpected deci- 
sions and entered the roadway without warning. Pedestrians appeared 
to exhibit a false sense of visibility at night, especially when street 
lights are present; however, the large number of crashes in the pres- 
ence of street lights potentially indicates that lighting standards are 
inadequate for pedestrian visibility. 

• Of the pedestrians in this study, 53% were crossing at locations 
other than marked or unmarked crosswalks. It was common to find that 
motorists did not anticipate impetuous pedestrian actions or that pedes- 
trians would violate driver right-of-way. The most prevalent crossing 
trip generator was a minor side street ending in a T-intersection with 
no facilities for pedestrians crossing the major roadway. Pedestrians 
who were attempting to cross at noncrosswalk locations most often 
were trying to cross in a 45-mph segment (38%) and were attempt- 
ing to cross five or more lanes (65%). In nearly half the crossings that 
were not at a crosswalk, pedestrians were attempting to cross the road 
within 600 ft of a signalized intersection. 

• In 57% of the cases reviewed in which a pedestrian was walk- 
ing along the roadway, there was not a sidewalk for the pedestrian to 
use. Half of these accidents occurred on multilane divided suburban 
roadways. 

• Thirteen percent of pedestrians had exited a vehicle before the 
crash. Of the human-related causal factors in exit-vehicle crashes, 
71% were attributed to drivers striking pedestrians. 

• Pedestrian crashes on limited access facilities accounted for 1 5% 
of the pedestrian cases in this study. In half of them, a significant con- 
tributing factor was that the pedestrian had exited a disabled vehicle. 

Additional research is recommended to study pedestrian alcohol 
use, driver alertness to pedestrian activity (at night, near a disabled 
vehicle, and near establishments where alcoholic beverages are 
sold), pedestrian alertness, adequacy of street lighting and roadway 
designs to meet pedestrian needs, the efficacy of incident management 
patrols, and the use of regulatory measures or other approaches to 
reduce incidents involving those who repeatedly drink large amounts 
of alcohol and walk into, along, or across roadways. 
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^Pedestrian Push-Button Confirmation 
Increases Call Button Usage 
and Compliance 

Ron Van Houten, Ralph Ellis, Jose Sanda, and Jin-Lee Kim 



Many pedestrian crashes involve pedestrians crossing during the don’t 
walk signals for pedestrians. The purpose of this study was to evaluate the 
effects of push buttons that give visual and audible feedback when they 
have been pressed on the proportion of pedestrians who press the call but- 
ton and the proportion of pedestrians pressing the call button who wait 
for the walk sign. Data were collected at two busy intersections in Miami 
Beach, Florida, with relatively high daily traffic flows. The installation of 
push buttons that provided visual and audible feedback was associated 
with a statistically significant increase in the percentage of cycles in 
which pedestrians pressed the button as well as a significant increase 
in the percentage of pedestrians pressing the button who waited for the 
walk sign. Because behavior changed only when the new push buttons 
were installed and the push buttons were installed at a different point 
in time at each site, it was possible to rule out potential confounding 
variables such as weather, traffic flow, and changes in the demographic 
characteristics of the pedestrian. The percentage of pedestrians trapped 
in the roadway was also lower when pedestrians waited for the walk 
sign during baseline. After the new push buttons were installed, the 
percentage of trapped pedestrians decreased. Because push buttons 
that emit a visible and audible cue when they are pressed are relatively 
inexpensive, this treatment is a cost-effective way to increase the per- 
centage of pedestrians who press the button and wait for the walk sign 
before crossing. Accessible push buttons also acknowledge they have 
been pressed. These data indicate that accessible buttons may benefit 
all pedestrians. 


Zegeeretal.(/) examined 1 ,297 pedestrian crashes in 15 cities where 
information was collected on whether the pedestrians who were 
struck crossed with or against the pedestrian signal. They found that 
42.7% of pedestrians struck were crossing against the signal. Exam- 
ining a larger database of 2,081 crashes, they found that 60.3% of 
pedestrians were struck by through vehicles. These results strongly 
suggest that crossing against the signal is a serious problem at many 
signalized crosswalks. 

Many pedestrians are not aware that they need to press the call 
button to produce the walk sign. Even fewer pedestrians are aware 
that there is insufficient time to cross during cycles when the call 
button is not pressed. Pressing the call button ensures that the walk 
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sign will appear, indicating when the pedestrian has crossing priority 
and that there will be sufficient time to cross. 

Many pedestrians who push the call button do not wait for the 
walk sign to cross and many pedestrians who violate the pedestrian 
signal do not press the call button at all. When pedestrians do not press 
the call button, they are disadvantaged in several ways: (a) they will 
not receive the walk sign and may be in conflict with left-turning vehi- 
cles if they cross during a protected left-turning phase; ( b ) they may 
not have the necessary time to cross on vehicle green because signal 
clearance is timed for vehicles instead of pedestrians; and ( c ) they will 
not receive the countdown indication if one is present. 

Pedestrians also are more likely to violate the signal, and take 
greater risks, the longer they have to wait for the walk sign. One rea- 
son why pedestrians may not push the call button to activate a walk 
signal is their lack of confidence that pushing the button results in 
the desired effect. This contrasts with elevator call buttons, which 
provide immediate feedback when they are pressed. Because pedes- 
trian push buttons typically do not provide an indication that they 
have been activated, pedestrians may be more inclined to believe the 
signal is not working when wait times are longer. Huang and Zegeer 
(2) examined the effects of push buttons that were illuminated when 
pressed on the number cycles when the button was pressed and 
whether pedestrians waited for the walk sign to cross. Using a before- 
and-after design, they did not detect an effect on either measure when 
the button provided feedback after it was pressed. 

Huang and Zegeer (2) cited several reasons for the failure to detect 
an effect. First, the light in the button press was difficult to see during 
daylight hours. Second, most pedestrians who pressed the button 
(approximately 70%) waited for the walk sign during the before 
or baseline phase. Third, data were collected over only a relatively 
brief period, and day-to-day variations caused by uncontrolled vari- 
ables may have obscured significant changes in pedestrian behav- 
ior. Fourth, data were not reported specifically for pedestrians who 
pressed the button. It is reasonable to expect that a button that pro- 
vides feedback will have the greatest effect on pedestrians who press 
the button. 

This experiment also examined the effect of call buttons that 
provided feedback on the button press but differed from the Huang 
and Zegeer (2) study in several ways. 

First, the buttons in the current experiment provide audible as 
well as visual feedback when pressed, ensuring that the feedback 
would be salient on days with bright sunlight. Second, to control for 
possible confounding variables, a more powerful multiple baseline 
design (3) was used in this experiment. Third, whether the person 
who pressed the button waited for the walk sign was examined. 
Fourth, data were recorded for a longer period of time, generating a 
larger n value. 
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METHOD 

Participants and Setting 

Participants were pedestrians crossing two arterial multilane roads, 
4 1st Street and Alton Road in Miami Beach, Florida. Both inter- 
sections were equipped with incandescent pedestrian signals with 
the standard walk and don’t walk symbols. Countdown signals 
were not installed at either intersection. The first intersection, 41st 
Street at Pine Tree Drive, had a bidirectional average daily traffic 
count of 39,000 vehicles per day. Over a 5-year period 41st Street 
averaged 42.2 pedestrian crashes per mile and 12.2 incapacitating 
or fatal pedestrian crashes per mile. Older pedestrians were involved 
in 49% of pedestrian crashes along this corridor. The number of 
crashes over the last 4 years of the 5-year period remained essen- 
tially stable at this site, where 420 crossings were observed during 
baseline and 570 crossings were observed during the treatment. 

The second intersection, Alton Road at 16th Street, had a bi- 
directional average daily traffic of 45,000 vehicles per day. Over 
the 5-year period, the Alton Road corridor averaged 60 pedestrian 
crashes per mile and had 21.7 incapacitating or fatal pedestrian 
crashes per mile. The number of crashes over the 5-year period 
remained essentially stable. Older pedestrians were also somewhat 
overrepresented at this location compared with other high crash 
locations in Miami, Dade County (Miami-Dade), accounting for 
29% of the pedestrian crashes. Crashes occurred predominantly 
during daytime hours, when 75% of the crashes occurred. The demo- 
graphic breakdown at this location was 877c white, 47 o African 
American, and 9% Hispanic. The percentage of crashes that involved 
through vehicles along this corridor averaged 55%. At this site, 
630 crossings were observed during baseline and 810 crossings 
were observed during treatment. 


Apparatus 

The treatment in this experiment was a pedestrian push-button 
device that consisted of a stainless steel push button with a piezo 
driven solid-state switch that provided two types of feedback when 
the push button was pressed. First, the button was illuminated with 
a 1,200-millicandela red-light-emitting diode (LED) for 0.1 s 
(momentary LED model); second, a 2.6-kHz tone sounded simul- 
taneously with the LED flash when the button was pressed and a 
2.3-kHz tone sounded when the button was released. The device 
could be modified so the light refrained on until the onset of the 
walk indication. 


General Procedure 

Data were collected during daylight hours on Monday through 
Saturday at both sites. Observers scored behavior only during 
cycles when at least one pedestrian was available who could have 
pressed the button (i.e., at least one pedestrian was present during 
the don’t walk phase). Observers did not score pedestrians who 
arrived late in the walk phase or during the flashing don’t walk 
phase if they crossed right away because they already had a walk 
or clearance indication. Observers also tallied the total number 
of pedestrians who crossed during the walk signal, during don’t 
walk against the traffic signal, and during don’t walk during the 
green ball. 


Design of Experiment 

A multiple baseline design was used in this experiment to control 
for extraneous variables such as changes in weather, traffic flow, 
and pedestrian population, which could have been associated with 
introduction of the treatment. With this design, before, or baseline, 
data are collected at several sites during the same period of time, and 
the treatment is first introduced at one of the two sites while the sec- 
ond site remains in baseline. After behavior has changed at the first 
site, the treatment is also introduced at the second site. If the treat- 
ment produced the changes in behavior rather than an extraneous 
variable, the change in behavior should have occurred only when the 
treatment was introduced at each site. 


Baseline 

During this condition, the standard push button was available at each 
site, which did not confirm that it was pressed with a light or tone. 


Momentary Light and Tone After Button Press 

After the baseline phase, push buttons that emitted a visual and audi- 
ble stimulus when pressed were installed at the 41st Street and Pine 
Tree Road site, whereas the Alton Road and 16th Street site remained 
in the baseline condition. Once the treatment had been evaluated 
at the 41st Street and Pine Tree Road site, the treatment was also 
installed at the Alton Road and 16th Street site. 


Continuous Light and Tone After Button Press 

After the effects of the push buttons with a brief visual and audible 
stimulus when pressed were evaluated, a latching arrangement that 
kept the light on until the walk sign appeared was installed at the 
41st Street and Pine Tree Drive site. 


Measures 

Percentage of Cycles When the Button 
Was Pressed 

The percentage of cycles when a pedestrian in the group pressed the 
button was computed by dividing the number of cycles when at least 
one pedestrian in the group pressed the button by the number the 
number of cycles when a pedestrian was present. 


Percentage of Cycles When a Pedestrian Who 
Pressed the Button Waited for Walk Signal 

This percentage was computed by dividing the number of times that 
a pedestrian who pressed the button waited for the walk signal by the 
total number of cycles that a pedestrian pressed the button. 


Percentage of Cycles When a Pedestrian 
Was Trapped in the Road 

The percentage of pedestrians who were delayed in the roadway 
because of through traffic (most likely when crossing against the 


don’t walk signal) or a string of turning vehicles (most likely when 
crossing with the walk signal) was observed during each condition. 
The percentage of cycles when a pedestrian was trapped in the road 
was computed by dividing the number of times a pedestrian was 
trapped in the road by vehicles for at least 5 s by the number of cycles 
when a pedestrian crossed. This measure was separately computed 
for pedestrians starting to cross during the walk and don’t walk 
phases. At these sites, all pedestrians were trapped in the middle of 
the road or at a lane line. No pedestrians were trapped by vehicles 
turning right on red. 


Percentage of Cycles When a Pedestrian 
or Vehicle Had to Take Evasive Action 

A conflict involves an evasive action by a motorist or a pedestrian 
when the vehicle and pedestrian are on a collision course. Evasive 
action can consist of a motorist stopping or a pedestrian suddenly 
stepping back, lunging back, or running forward to avoid being 
struck by a vehicle. This measure was computed by dividing the 
number of cycles when a pedestrian had an evasive conflict by the 
number of cycles when a pedestrian crossed. This measure was 
separately computed for pedestrians starting to cross during the 
walk and don’t walk phases. 


Interobserver Agreement 

To ensure that observers recorded behavior according to the research 
protocol, data were collected by two independent observers during 
seven sessions at 41st Street and Pine Tree Drive and during 10 ses- 
sions at Alton Road and 16th Street. Interobserver reliability data 
were obtained during baseline and treatment conditions. Observers 
stood so as to have the same vantage point but so as not to be able to 
see what the other person recorded. Observers also started and ended 
observation on the same signal cycle. A measure of interobserver 
agreement was computed by dividing the number of times both 
observers agreed on the occurrence of each pedestrian behavior by 
the number of times they agreed plus the number of times they dis- 
agreed on its occurrence. Interobserver agreement on the occurrence 
of a pedestrian present pressing the call button averaged 99.5%, with 
a range of 977c to 1007c at 41st Street and Pine Tree Drive, and 987o, 
with a range of 87% to 100% at Alton Road and 16th Street. Inter- 
observer agreement on whether pedestrians who pressed the button 
crossing during the walk signal averaged 99%, with a range of 93% 
to 1007c at 41st Street and Pine Tree Drive, and 97%, with a range of 
937c to 1007c at Alton Road and 1 6th Street. Interobserver agreement 
on pedestrians being trapped in the roadway was 1 00% at 4 1 st Street 
and Pine Tree Drive and averaged 99%, with a range of 93% to 100% 
at Alton Road and 16th Street. Interobserver agreement on evasive 
conflicts was 100% at both sites. 


RESULTS 

Statistical Analysis 

The Z test to compare proportions from variables that are dichot- 
omous was used to analyze the data in this experiment. The analy- 
sis revealed that the push button was pressed on more cycles when 
pedestrians were present at both sites after the implementation of 


push buttons that confirmed the press with a brief light and tone 
(Z = 7.673, P < .01 for the 41st Street site; Z = 4.63, P < .01 for the 
Alton Road site). The analysis also indicated that a larger proportion 
of pedestrians who pressed the button waited for the walk signal 
after the experimental push buttons were installed (Z = 4.9 1 0, P < .0 1 
for the 41st Street site; Z = 1 .937, P < .05 for the Alton Road site). 

Button Pressing 

The percentage of cycles when pedestrians were present when at 
least one pedestrian pressed the button is presented in Figure 1. 
These data show that the percentage pressing the button increased 
from 33.8% to 58.1% for pedestrians crossing 41st Street at Pine 
Tree Drive and from 40.37c to 54.37c for pedestrians crossing 
Alton Road at 16th Street. The treatment was introduced follow- 
ing a staggered schedule; because behavior changed only after the 
introduction of treatment at each site, it is possible to rule out the 
effect of possible uncontrolled confounding variables. All treat- 
ment data points at the 41st Street site are above the baseline 
mean, as indicated with a dashed line, whereas all but four of 
the treatment data points were above the mean at the Alton Road 
site. An upward trend in the data path after treatment is apparent 
at the 41st Street site, and a weaker trend may be present at the Alton 
Road site. Extending the lighted button until the walk signal 
did not appear to produce better compliance than the momentary 
light and tone. 

Crossing with the Signal 

The percentage of pedestrians crossing with the walk signal is pre- 
sented in Figure 2. These data indicate that the percentage of pedes- 
trians who pressed the button who crossed during the walk signal 
increased from 51 ,27o to 72.57c. for pedestrians crossing at the 41st 
Street site and from 72.3% to 86% for the Alton Road site. Again, 
the changes in behavior were correlated with the staggered intro- 
duction of the treatment at the two sites. All but one of the treatment 
data points at the 41st Street site were above the baseline mean, 
whereas the effect was less pronounced at the Alton Road site. 
Extending the lighted button until the walk signal did not appear to 
be superior to a momentary light and tone. 

Trapped in Roadway and Evasive Conflicts 

After the introduction of push buttons that provided feedback, the per- 
centage of all pedestrians crossing against the signal decreased from 
70.47o to 52.67c at 41st Street and Pine Tree Drive and from 59.77c 
to 5 1 .7% at Alton Road and 16th Street. Under all conditions, the per- 
centage of pedestrians trapped was significantly higher for pedestri- 
ans crossing during the don’t walk condition than during the walk 
signal at both sites, with 6.9% trapped during the don’t walk condi- 
tion and 0.77c trapped during the walk condition at 41st Street and 
Pine Tree Drive, and with 7% trapped during the don’t walk condi- 
tion and 1.77c trapped during the walk condition at Alton Road and 
16th Street. Pooled data for both sites also showed a significant reduc- 
tion in the overall percentage of pedestrians trapped after the intro- 
duction of a push button that provided feedback. The percentage 
of cycles during which pedestrians experienced evasive conflicts 
remained low throughout the study. 
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Baseline Brief Light and Tone Continuous Lt & Tone 




Daily Sessions 


FIGURE 1 Percentage of cycles when pedestrians were present when at least one pedestrian pressed button. 

DISCUSSION OF RESULTS It is important to discover other ways to increase the percentage of 

pedestrians who comply with the pedestrian signals at busy inter- 
The results of this study indicate that installing push buttons that sections. Adding a countdown timer may also influence more pedes- 

confirm the button press with a visible and audible cue can increase trians to press the call button, because it provides feedback that 

both the percentage of pedestrians who press the button and the per- pedestrians have indicated is useful to them. However, the most 

centage of pedestrians who press the button and wait for the walk effective way to increase the percentage of pedestrians pressing the 

sign. There was also a trend toward increased button pressing over call button should be to reinforce pressing the button with shorter 

time. The results also indicated that the percentage of pedestrians average wait times. This could be accomplished by using a shorter 

who pressed the call button who crossed during the don’t walk con- minimum green duration on cycles when the call button is pressed, 

dition also decreased after introduction of the push buttons that Preliminary data from the Miami-Dade FHWA intelligent trans- 

confirmed a press with a light and a tone. portation system pedestrian countermeasure cooperative agreement 

One reason why lighting the push button until walk onset was indicate that pedestrian compliance at signals is higher when the min- 

not more effective in increasing the percentage of pedestrians who imum green time is reduced. This suggests that short minimum green 

pressed the button or signal compliance than a momentary tone plus times could be used for positively reinforcing button pressing, 

light may have been because the light was not particularly salient 
during daylight in Florida. By contrast, the tone was readily appar- 
ent to anyone standing near the push button. Because data were not SUMMARY AND RECOMMENDATIONS 
collected at night when the light would be more easily noticed, it can- 
not be concluded that lighting the push button until walk onset would Although the increase in call button usage and compliance was small, 

not be more effective at night. the cost-effectiveness of the treatment is relatively large because of 

Another reason why the results obtained were different from those the low cost associated with replacing an old call button at the end 

of Huang and Zegeer (2) was that this study looked specifically at of service life with newer buttons that provide confirmation that the 

pedestrians who pressed the call button. Those pedestrians who button has been pressed. It is also likely that buttons that provide con- 

pressed the call button could be expected to be more predisposed to firmation may receive fewer multiple presses by pedestrians wonder- 

wait for the walk sign than those who did not press the button. Huang ing whether the button put in a call. If the treatment resulted in fewer 

and Zegeer did not specifically look only at pedestrians pressing the multiple requests, the life span of the device should be extended, 

call button. improving the cost-effectiveness of the treatment. Push buttons that 
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Baseline Brief Light and Tone 




Daily Sessions 


FIGURE 2 Percentage of pedestrians who pressed button and waited for walk signal before crossing. 


confirm the press currently cost $ 1 2 each, whereas regular buttons run 
around $10.00. Buttons that provide feedback when they are pressed 
also require a controller for each intersection, which runs about a cou- 
ple of hundred dollars. It is important to note that accessible push but- 
tons for the blind also provide confirmation that the button has been 
pressed. The results of this study indicate that accessible signals 
would benefit sighted as well as blind travelers. 
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Walking in Waikiki, Hawaii 

a Measuring Pedestrian Level of Service 
in an Urban Resort District 


Karl Kim, Lauren Hallonquist, Napat Settachai, and Eric Yamashita 


This study examines pedestrian conditions in Waikiki, the most urban- 
ised area in Honolulu, Hawaii. Focusing on one side of approximately a 
four-block stretch of Kalakaua Avenue, a series of 15-min pedestrian 
counts was conducted to establish overall sidewalk volumes and flows. 
Detailed maps were produced to characterize the physical environment 
and to identify potential factors associated with measurement of the 
pedestrian environment. Next, the pedestrian level of service (LOS) was 
estimated. A variety of factors affect the pedestrian environment. In 
addition to the width of the sidewalk, there are also movable and immov- 
able objects, street furniture, plantings, and other activities that affect 
access and use of sidewalks. The intent of this study was to understand 
and measure better the impacts of sidewalk activities on LOS. To test and 
refine the approach, the impacts of street performers who occupied the 
sidewalks in the area were analyzed in terms of the effects on pedestrian 
flow and LOS. Street performers create the following kinds of impacts 
to the pedestrian environment: (a) increased delay, ( b ) direction changes 
and longer travel paths for pedestrians, (c) increased traffic conflicts 
as pedestrians step into moving motorized traffic to avoid congestion, 
(d) disruption of pedestrian platoons or preferred side of sidewalk for 
travel (generally , most pedestrians prefer to walk on the right side of the 
sidewalk), and (e) increased confusion associated with crowding and 
forced changes in direction. Policy considerations as well as directions 
for research are discussed in a concluding section. 

Quite a bit has been written on the subject of pedestrians. Propo- 
nents of "new urbanism" or "neotraditional town planning” devel- 
opments have claimed that high-quality pedestrian environments 
enhance the sense of community by increasing interactions among 
neighbors (/). Studies have shown that "taking back streets" from 
motor vehicles and converting them to pedestrian ways have improved 
the public space not only for social gathering but also for attracting and 
generating business activities (2). 

The regulation of sidewalk activities is complicated by the fact 
that they serve multiple purposes. In addition to providing a surface 
on which to walk and move about, sidewalks have become places 
for the expression of free speech as well as for conducting business 
and social interactions. The use of streets and sidewalks has been 
equated with exercising the privileges and rights of citizenship (5). 
Whereas transportation planners and engineers might think of side- 

□epartment of Urban and Regional Planning, University of Hawaii-Manoa, Saunders 
Hall 107, 2424 Made Way, Honolulu, HI 96822 


walk space as solely for the use of pedestrians or others who need to 
travel from one point to another, the courts have ruled that these 
public spaces must accommodate activities other than simply walk- 
ing. A sidewalk is nothing by itself: it means something only in con- 
junction with the buildings and other uses that border it ( 4 ). As such, 
there is a need both to understand the range of activities that occur 
on urban sidewalks and to measure how changes in the use of side- 
walks affect pedestrian level of service (LOS). One of the more vis- 
ible and controversial uses of sidewalks in Waikiki and other locales 
is as a performance venue. 

In 2000, the City Council of Honolulu, Hawaii, approved an ordi- 
nance adding street performers to a list of groups that arc regulated 
in their use of Waikiki sidewalks. The bill required street perform- 
ers to obtain a permit and then restricted them to six designated 
areas of Waikiki (5). Complaints ranged from late-night noise to 
congestion along the sidewalks. Because of increased congestion, 
pedestrians were forced off of the sidewalks, creating a safety haz- 
ard. In spite of these concerns, the ordinance was eventually overturned 
in Williams v. City & County of Honolulu, Civ. No. 00-2039-06 
(1st Circ. Haw. Dec. 28, 2001 ). which also found that there was a 
need for a more factual study of the impact associated with street 
performers. 

This study was initiated to understand and to measure pedestrian 
LOS. The study focuses on developing tools for understanding and 
depicting existing conditions as well as simulating the impacts of 
activities, other than walking, on sidewalk performance. 

OUTLINE OF STUDY 

After a brief overview of the physical environment, the methods for 
measuring and surveying pedestrian volumes and flows and LOS are 
described. Then, the actual conditions are estimated for a four-block 
stretch of sidewalk and the impacts of street performers on LOS are 
estimated. The results and findings are discussed both in terms of 
implications for managing and improving sidewalk conditions as 
well as in terms of continued research needs. Simple and robust 
techniques for evaluating the impacts of sidewalk activities other 
than walking are needed. 

DESCRIPTION OF STUDY ENVIRONMENT 

Waikiki, a tourist destination known the world over, is a district 
within the city and county of Honolulu, located on the south shore of 
the island of Oahu. Waikiki is approximately 1 mi : (about 600 acres)- 
About 1 9.000 people reside there and. on an average day, there are 
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an estimated 70.000 visitors and 37.000 people working in Waikiki. 
This area has experienced continued popularity in spite of competi- 
tion from other places. Part of its attraction is its image as a safe, con- 
venient place with many amenities and activities within easy walking 
distance. In addition to white sandy beaches and swaying palm trees, 
there are also many different restaurants, shopping areas, amuse- 
ments, parks, a zoo, an aquarium, and various cultural activities, all 
within a 2-mi stretch of ocean-front real estate. In recent years, the 
city and county of Honolulu has worked to improve the pedestrian 
experience by improving sidewalks, landscaping, and lighting and 
by increasing the security and cleanliness of the area. Creation of the 
Waikiki Business Improvement District has also brought sustained 
leadership and resources to these efforts. Although this is an older 
resort destination, there has been continued improvement in visitor 
satisfaction surveys. Part of Waikiki’s success depends on its attrac- 
tiveness as a pedestrian environment. With a limited number of park- 
ing spaces, many attractions are within easy walking distance. There 
are a public bus system and various shuttle services, but, unlike many 
other tourist areas, there is neither a rail system nor an urban people 
mover. With its year-round temperate climate and annual rainfall of 
only 25 in., the predominant mode of travel for most in Waikiki is 
walking. The area is relatively flat and simple to navigate. The major 
roadway, Kalakaua Avenue, is a large one-way street that travels 
from the western part of the district eastward, along the southernmost 
part of the island of Oahu. Kuhio Avenue, located in the interior of 
Waikiki, is a two-way street that has also recently seen pedestrian 
improvements. The other main street, Ala Wai Boulevard, is also a 
one-way street with an east-to-west direction of travel. Various one- 
and I two-way streets intersect the three main streets of Kalakaua 
Kuh.o, and Ala Wai. Most of the hotels and visitor accommodations 
are concentrated along Kalakaua and Kuhio. There are some large vis- 
itor complexes, such as the Hilton Hawaiian Village located at the 
westernmost edge of the district, but there is also a mix of small and 
medium-sized hotels scattered throughout the area. 

Waikiki is the most urbanized part of Honolulu. Within Waikiki, 
the highest level of pedestrian activity occurs on Kalakaua Avenue. 
On Kalakaua. the most heavily traveled area is a four-block stretch 
on the northern side between Lewers Street and Uluniu Avenue 
This section is approximately 2.470 ft long. The paved sidewalk 
vanes in width from 1 8 to 40 ft. In parts, the portion of the pavement 
that is publicly owned is as little as 5.5 ft wide but it also reaches a 
width of 21 ft in some sections. There are numerous stores, hotels 
restaurants, and activity generators such as the international mar- 
ketplace and other complexes that not only attract many tourists but 
are also major employment centers. For this reason, the area was 
selected for investigation. The first phase of the project involved cre- 
afing detailed maps showing the dimensions of sidewalks and locations 
of vanous street furniture and obstacles to pedestrian movements. A 
typology of facilities was created that included objects such as bike 
racks, publication racks, fire hydrants, mail boxes, meter boxes, 
newspaper bins, planter boxes, plots with trees, street lights, traffic 
poles, trash cans, trees (palms, coconut, others), and doorways. Addi- 
tonal uses of the sidewalk were also inventoried and categorized. 
Sidewalks in Waikiki are used not only for walking but also for sell- 
I ing, advertising, performing, and other types of activities. Data regard- 
mg vehicle-to- vehicle crashes and pedestrian crashes from 2(X>4 to 
I 4005 were received from the District Command of the Honolulu 
Police Department. All these data were entered and mapped first using 
AutoCad and then transferred onto a geographic information system 
Known as ArcView. 


METHODS AND DATA 

In this section, the methods and data collection are described. In addi- 
tion to capturing information on pedestrian flows, the techniques 
lor measuring LOS are also described. Similarly, the approach for 
measuring the impact of street performers on LOS is described. 

Measuring Pedestrian Flow 

To measure the volume agd flow of pedestrians, 16 screen lines were 
created. Four teams of two observers took 15-min counts of bi- 
directional travel at roughly evenly spaced locations over a 3-h period 
on a single evening in June 2005. The time of day selected (7:00 to 
10 P m-) was based on interviews with the Honolulu Police as to the 
peak period for pedestrians. The counts, therefore, represent the 
total number of pedestrians to cross a screen line, in both directions, 
within a 15-min interval. The observers used hand counters, and the 
counts were tallied immediately upon completion. See Figure I for 
a schematic representation of the study area. 

Pedestrian LOS 

There arc several different approaches to determining LOS. One 
approach involves estimating the available amount of space per 
pedestrian. Another involves estimating the flow rate. These ideas are 
related. The larger the area available for pedestrians, the smaller the 
number of pedestrians per minute per foot, and the higher the LOS. A 
related notion is the volume-to-capacity ratio, calculated by dividing 
the flow rate (pedestrians/ft/min) by the maximum flow rate (or capac- 
ity). which is defined as 25 pedestrians/ft/min (6). When the volumes 
exceed capacity, a value greater than one is generated. Obviously, 
the greater the area or capacity, the greater the volume that may be 
handled. With any approach, careful measurement of the physical 
environment is needed as well as determination of the number of 
pedestrians occupying or moving through a given defined area. 

able 1 presents the standards that are most commonly used (6). The 
description of conditions indicates the extent to which the walking 
experience is made more pleasant by the absence of other pedestri- 
ans who compete for sidewalk space and may interrupt the flow of 
pedestrian traffic. 

Measuring the Impact of Street Performers 

In recent years, there has been a noticeable increase in the num- 
ber of street performers. As in other cities, performers in Waikiki 
include people impersonating statues or robots or dressed in var- 
ious costumes, often juggling, singing, playing music, or exhibit- 
ing other talents. Typically, these arc “free” performances, but 
donations are also generally solicited and accepted. The quality of 
these performances varies widely. To measure the impact of street 
performers, it was necessary to conduct a visual survey. On sev- 
eral evenings, observational surveys were taken as to the locations 
of street performers along this four-block stretch of sidewalk. In 
addition to estimating the number of people watching a given per- 
formance. the percentage of pedestrians who stopped to watch and 
the average duration of time pedestrians would stop and watch 
these performances was also estimated. 
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FIGURE 1 Location of 16 screen lines for pedestrian observations 


The sidewalk widths vary from 12 ft (combined public and private 
area) at Screen Line 7 to 40 ft at Screen Line 1 . When calculating the 
area per pedestrian, the values range from 47 ft 2 (Screen Line 7) to 
229 ft 2 per pedestrian (Screen Line 1 ). When accounting for just the 
public sidewalks, the space per pedestrian ranges between 23 ft 2 per 
pedestrian (Screen Line 16) to 123 ft 2 per pedestrian (Screen Line 1). 

On the basis of the counts and the sidewalk widths, pedestrian vol- 
umes were also estimated. The volumes for the entire area in both 
directions as well as total volumes are presented in Figure 2, which 
also provides an estimate of the sidewalk widths of both public and 
combined public and private area at each of the screen lines. The esti- 
mated flow rates are presented in Table 3. The flow rates range from 
1.03 to 5.1 pedestrians/min/ft for the walkable (combined area) and 
from 1.96 to 10.45 pedestrians/min/ft for the public sidewalk only. 
All the volume-to-capacity ratios for the public areas are below 1.0, 
ranging from 0.08 to 0.42 (Table 3). 

LOS measures were determined for both the combined walkable 
areas (public and private) and public sidewalks. By including the area 
of both public and private sidewalks, the LOS is quite high — with all 
areas achieving an A rating. The LOS scores for the area restricted to 
public sidewalks, however, are considerably lower, with two areas 
being lowered to a B LOS score and one area ( Screen Line 16) falling 
to a D score, with the remaining areas scoring an A LOS. 

These conditions arc presented in Figure 3 for both the total walk- 
able area (public and private) and for only the public sidewalk area. 
In the evaluation of the pedestrian flows and the resulting LOS 
determinations, it is quite evident that without access to the sidewalks 
on private property, the quality of walking would be significantly 
diminished. 


FINDINGS AND RESULTS 


Table 2 presents the number of pedestrians for the 1 6 screen lines. 
The volumes are all quite high, ranging from 616 to 1 ,224 per 1 5-min 
bidirection volumes. There is parity between the average west- and 
eastbound travel volumes, 442.9 versus 435.6, respectively. Figure 2 
shows graphically the relationships between volumes and sidewalk 
widths. Although the volumes vary from location to location, it is 
also important to note the differences in sidewalk widths. 

Table 3 puts this information about the width of the sidewalk, the 
space per pedestrian, the estimated flow rates, the estimated LOS, and 
the volume-to-capacity ratios together. Two sets of measurements are 
provided. One combines the total area (both public and private) and 
the other focuses just on the public sidewalk area. Obviously, restrict- 
ing the estimated LOS to only the public thoroughfare diminishes the 
available area and thereby reduces LOS measures. 


TABLE 1 Pedestrian LOS Definitions (6) 


LOS 

Pedestrian Space 

Flow Rate 

Evaluation 

A 

>60 ft : /ped 

<5 ped/m in/ft 

Very pleasant 

B 

>40-60 ft 2 /ped 

>5-7 ped/min/ft 

Comfortable 

C 

>24—40 ft 3 /ped 

>7-10 ped/min/ft 

Acceptable 

D 

>15-24 ft 2 /ped 

>10-15 ped/min/ft 

Uncomfortable 

E 

>8-15 ft 2 /ped 

>15-23 ped/min/ft 

Unpleasant 

F 

<8 ft J /ped 

Variable 

Very unpleasant 


Number of Pedestrians 
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TABLE 2 Sidewalk Pedestrian Volumes 


Screen Line 

Number of Pedestrians" 


Westbound 

Eastbound 

Total 

1 

351 

265 

616 

2 

508 

396 

904 

3 

442 

429 

871 

4 

443 

385 

828 

5 

514 

438 

952 

6 

481 

450 

931 

7 

456 

462 

918 

8 

351 

481 

832 

9 

394 

542 

936 

10 

601 

623 

1224 

11 

522 

475 

997 

12 

485 

333 

818 

13 

331 

517 

848 

14 

326 

446 

772 

15 

400 

348 

748 

16 

482 

380 

862 

Average 

442.94 

435.63 

878.56 


‘'Number of pedestrians walking across the screen line wiihin 
a 1 5-min interval. Data obtained from the surv ey conducted 
on June 21. 2005. 


IMPACT OF STREET PERFORMERS IN WAIKIKI 

(n recent years, there has been a growth in the number and diversity 
of street performers not just in Waikiki but in many other urban areas 
in the United States. To measure the impact of street performers on 
the performance of sidewalks in Waikiki, a separate survey to deter- 


mine the proportion of pedestrians who stop and watch and the dura- 
tion of the time spent watching was also observed. In a sense, what 
happens is that pedestrians are temporarily turned into immovable 
objects, creating obstacles for other pedestrians. They not only inter- 
rupt the flow of pedestrian movement but also force other pedestrians 
to walk around them, perhaps encouraging them to step into the flow 
of others. Table 4 presents a summary of the effects of a typical street 
performer for both the combined public and private area as well as for 
the public sidewalk alone. It is estimated that approximately 31.78% 
of pedestrians stop to watch the performer. The average time spent 
watching is about 1 min. In 1 min, approximately 82 pedestrians cross 
this screen line. This translates into 26 pedestrians who stop and 
56 pedestrians who continue to pass or attempt to pass through the 
area. Calculating the flow (pedestrians/min/ft) without the street per- 
former on the combined public and private sidewalk area produces 
a value of 3.4. With the street performer, the flow rate increases to 
6.80 pedestrians/min/ft. Using both the public and the private side- 
walk, the LOS decreases but remains at level B. When calculating the 
impact of the typical street performer on the area defined by only the 
public sidewalk, the effects of the street performer are much more 
noticeable. Flow rate changes from 6.28 to 8 1 .60 pedestrians/min/ft, 
leading the LOS to drop from B to F. 

The simulated impact of the street performers is presented in Fig- 
ure 4, where the brickcd-in area of the sidewalk represents the public 
walkway. The widths of the public (13 ft) and private (14 ft) side- 
walks arc also marked on the diagram. The area with planter boxes 
and trees represents the private property pedestrians are forced onto 
because of the obstruction caused by the street performer. A total of 
26 observers take up approximately 200 ft 2 on the public sidewalk. A 
total of 56 pedestrians, designated by arrows, attempt to move 
through this area. There are a number of obvious disruptions caused 
by the street performer and the crowd that has gathered such as 
increased delay in moving through the area, direction changes and 
longer travel paths as pedestrians move around the blockage, increased 
potential for traffic conflicts as pedestrians step off the sidewalk 



FIGURE 2 Pedestrian traffic volume by direction and sidewalk area. 
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TABLE 3 Estimated Pedestrian LOS of 16 Screen Lines in Waikiki 


Walkable Sidewalk (public and private) 


Pedestrian 

Space" 

Screen Line Width (ft) (I't’/pcd) 


LOS of 

Ped 

Space'’ 


LOS of 

Row Rate Flow 
(ped/m in/ft) Rate'’ 


Public Sidewalk 


Pedestrian 
Width Space" 

(ft) (ft ; /ped) 


40 

229 

37 

147 

22 

91 

32 

139 



LOS of LOS of Volume to 

Ped Flow Rate Flow Capacity 

Space'’ (ped/min/ft) Rate' 1 Ratio 


21 

123 

A 

2 

A 

16 

64 

A 

4 

A 

12.5 

52 

B 

5 

A 

17 

74 

A 

3 

A 

13 

49 

B 

5 

A 

13.5 

52 

B 

5 

A 

12 

47 

B 

5 

A 

13 

56 

B 

4 

A 

13 

50 

B 

5 

A 

13 

38 

C 

6 

B 

13 

47 

B 

5 

A 

13 

57 

B 

4 

A 

12 

51 

B 

5 

A 

12 

56 

B 

4 

A 

9 

43 

B 

6 

B 

5.5 

23 

D 

10 

D 

13.03 

55 

B 

5 

A 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Screen Line 

A B wmm C ■■■ D —A— PLOS Score (Walkable Width) PLOS Score (Public Width) 


FIGURE 3 Pedestrian flow rate (pedestrians/min/ft) and LOS. 
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TABLE 4 Impact of Street Performer on LOS 8t Screen Line 10 

Walkable Sidewalk (Public and Private) 


Condition 


Pedestrian LOS of 

Total Width Space'’ Ped. 

Ped." (ft) (ft : /ped) Space 1 


Without street 1,224 
performer 
With street 
performer 


Flow Rate 


LOS of 
Flow 


Space 1 (ped/min/ft) Rate 1 


Public Sidewalk 


Width Space'’ 

(ft) (ft-’/ped) 


Pedestrian LOS of 

Space'’ Ped. 


Flow Rate 


LOS of 
Flow 


Space 1 (ped/min/ft) Rate’ 


Screen line 10 

Total number of pedestrian I 224 p 

Street performer data 

Percentage of pedestrians who stop watching street performer 3 1 .78% 
Average time spent watching I mjn/pgd 

Number of pedestrians who stop to watch street performer 26 ped/min 
Number of pedestrians who continue walking (not stop) 56 ped/min 

Total area occupied by the crowd (10*20 ft) 200 ft-’ 


,224 ped/15 min or 82 ped/min 


"Number of pedestrians cross the screen line within 15-min interval. Data were obtained from the survey conducted in lime ->nns 

Tmtr " M June 2 1 ■ 2003 ' 


and into moving motorized traffic, disruption of pedestrian platoons 
or prelerred side of sidewalk for travel (generally, most pedestri- 
ans prefer to walk on the right side of the sidewalk), and increased 
confusion associated with crowding and forced changes in direction. 

Table 5 depicts the impact of the typical street performer at each 
of the locations throughout the four-block stretch of sidewalk. In 
addition to having differential impacts at various locations, the 
combined effects of street performers greatly reduce the efficiency 


of sidewalks, especially if the analysis is restricted to public side- 
walks. The LOS drops noticeably whether based on area per pedes- 
trian or on the How rate. Using the flow rate method, LOS drops 
to F in all but three of the screen lines. In those three areas, the 
LOS is D for two and is A in only one. Even more telling is the 
volumc-to-capacity ratio, which gives a more precise measure of 
the differences by screen line. Clearly, there is a significant impact in 
these areas. 



FIGURE 4 Crowd formations surrounding street performer at Screen Line 10. 
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TABLE 5 Impact of Street Performers on Overall LOS 


Walkable Sidewalk (public and private) Public Sidewalk 


Screen Line 

Adjusted 

Width 

(ft) 

Pedestrian 

Space 1 ' 

(ft ; /pcd) 

LOS of 

Ped. 

Space'’ 

Flow Rate 
(ped/m in/ft) 

LOS of 

Flow 

Rate'’ 

Adjusted 

Width 

(ft) 

Pedestrian 

Space“ 

(ft : /ped) 

LOS of 

Ped. 

Space'’ 

Flow Rate 
(ped/min/ft) 

LOS of 

Flow 

Rate'’ 

Volume to 

Capacity 

Ratio 

1 

28 

186 

A 

1 

A 

9 

79 

A 

5 

A 

0.18 

2 

25 

117 

A 

2 

A 

4 

34 

0 

15 

D' 

0.60 

3 

10 

60 

A 

6 

B r 

0.5 

21 

D' 

116 

F‘ 

4.65 

4 

20 

107 

A 

3 

A 

5 

41 

B‘ 

1 1 

D 1 

0.44 

5 

20 

93 

A 

3 

A 

1 

21 

D' 

63 

P 

2.54 

6 

1 1 

60 

A 

6 

B' 

1.5 

23 

D' 

41 

F‘ 

1.66 

7 

0 

18 

E r 

0 

F‘ 

0.1 

18 

D* 

612 

F' 

24.48 

8 

10 

63 

A 

6 

B' 

1 

24 

0 

55 

P 

2.22 

9 

17 

83 

A 

4 

A 

1 

21 

D' 

62 

P 

2.50 

10 

12 

49 

B' 

7 

B 1 

1 

16 

D 1 

82 

P 

3.26 

II 

9 

49 

B 1 

7 

B' 

1 

20 

D' 

66 

P 

2.66 

12 

16 

90 

A 

3 

A 

1 

24 

0 

55 

P 

2.18 

13 

7 

49 

B 

8 

0 

0.1 

19 

I> 

565 

P 

22.61 

14 

10 

68 

A 

5 

A 

0.1 

21 

D 

515 

P 

20.59 

15 

3 

36 

0 

17 

E r 

0.1 

7 

E‘ 

499 

P 

19.95 

16 

3 

31 

e 

19 

E r 

0.1 

0 

F' 

575 

F‘ 

22.99 

Average 

12.56 

72 

A 

5 

A 

1.66 

24 

0 

209 

P 

8.34 


“According to the Manual on Uniform Traffic Control Devices (7), the "normal" pedestrian walking speed is 4.0 ft/s. 
'LOS is determined from Table 1. 

Screen line locations that degraded in level of service due to the impact of street performers as compared to Table 3. 


DISCUSSION OF RESULTS 

This study has sought to understand and to measure pedestrian 
LOS. a topic that is of growing interest to many in the urban and 
transport-planning sectors. As Keegan and O’Mahony pointed out, 
“the pedestrian has received lower levels of priority compared with 
other transport modes. Pedestrian travel is often treated as an after- 
thought and given less consideration than motorized modes" (2. S). 
This is somewhat unusual given the recognized importance of 
pedestrian travel to site design (9), particularly in mixed-use envi- 
ronments (10) such as Waikiki where there are not just resort activ- 
ities but also commercial, residential, and other types of land use. 
This study represents an attempt to further understand these rela- 
tionships between sidewalk design, their use (and abuse), and the 
larger urban context that includes Consideration of competing social 
and political agendas. 

This study adds to the research regarding mobility, safety, and 
convenience to pedestrians. Some well-established work has found 
that pedestrian risks decrease with pedestrian flows (11). Gener- 
ally, as the volume of pedestrians increases, so too do efforts to 
plan and improve pedestrian facilities. Some early important work 
in this area includes that of Zegeer et. al. (72), who developed a 
pedestrian facilities users’ guide, and Dixon (75), who helped to 
quantify pedestrian LOS measures. Although these efforts have 
helped to create a foundation of understanding related to pedes- 
trian LOS, there is a need for more research in terms of under- 
standing the unique conditions of places such as Waikiki and in 
terms of developing new tools for measuring the impacts of poli- 
cies such as allowing street performers to take up valuable public 
sidewalk space. 


Street performers have a significant impact, both in terms of the 
effects on a particular site as well as in terms of the overall impacts 
on the entire stretch of sidewalk and ultimately on the district as a 
whole. Their impact will continue to grow in a way that is some- 
what similar to the “tragedy of the commons.” Treated as a free 
good, sidewalk space will continue to be taken up by those seeking 
a venue for artistic expression and commerce. In addition to street 
performers, there were also hawkers and sidewalk entrepreneurs, 
selling various goods and services — people offering to draw por- 
traits, read fortunes, give back massages, and provide other sidewalk 
services. 

Allowing these additional activities on the sidewalks of Waikiki 
raises issues and concerns that are perhaps best seen as tradeoffs. 
Pedestrian LOS is being sacrificed to allow for increased freedom 
of expression, additional opportunities for commerce, and addi- 
tional sources of entertainment for visitors and others who might 
(or might not) enjoy or appreciate the street performers. The fact 
that nearly one-third of the pedestrians stopped to watch, even for 
just a minute, suggests that the street performers provide some 
entertainment value. 

At issue, however, is the difficult question of what to do. If noth- 
ing is done, the number and intensity of street performers and other 
sidewalk activities will continue to grow, further degrading the LOS 
for pedestrians. Associated concerns related to safety also need to be 
investigated. As the delay increased, pedestrians were observed step- 
ping into the street to walk around the obstacles, increasing traffic 
conflicts. Kaiser (14) found that, after 20 s of delay, pedestrian impa- 
tience and risk-taking increases. As the competition for limited side- 
walk space increases, more accidents are likely to happen. As such, 
a more proactive approach toward sidewalk regulation may need to 
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be taken, using, perhaps, a spatial model such as that proposed by 
Schneider et al. (15) in which real and perceived pedestrian risks are 
mapped and analyzed. 

In addition to the issue of safety, there is also a question of aesthet- 
ics. On the one hand, the City and County of Honolulu has expended 
considerable effort and resources to widen the sidewalks, improve 
the landscaping, and enhance the pedestrian experience only to have 
it cluttered with unregulated street performers, buskers, artists, 
and others making some or part of their livelihood on the sidewalk. 
There are important questions about access to public space, but 
there are also concerns about how best to plan, design, manage. 

and regulate sidewalks. LOS considerations are an integral part of 
this discussion. 

Given the data and analysis from this study, when examining 
LOS for the walkable width (public and private sidewalk) in terms 
o! space available per pedestrian or How rate, or considering the 
volume-to-capaeity ratios, it is evident that street performers have a 
significant impact on sidewalk LOS. While there is discussion of 
revising various sidewalk standards (16. chapt. 1 3), it is evident that 
street performers and the crowds they generate take up space, which 
in turn reduces the LOS. 


CONCLUSIONS 

Street performers have a negative impact on pedestrian LOS. They 
create congestion, limit access, and interfere with pedestrian flows 
Although street performers have freedom of expression rights, there 
arc serious questions about their rights to the use of private property. 
While the sharing of public and private property is understandable 
tor reasons of access and mobility, the implied use of private prop- 
erty as a means of maintaining LOS for pedestrians so that street 
performers can continue to ply their craft raises some questions of 
fairness to property owners. Improved mobility and access may be 
seen as a public benefit and a shared responsibility among property 
owners within Waikiki, but providing space so that street perform’- 
ers can earn a living, rent-free, treats the degradation in LOS as 
insignificant. 

The fact that the change in LOS can be estimated suggests that 
there should be limits on street performers and other activities that 
dimmish sidewalk capacity and pedestrian flow. This could be done 
in two ways. First, bottlenecks and trouble spots could be identi- 
fied as locations where certain activities might be either banned or 
limited. Second, with this method, an overall baseline index of side- 
walk performance might be constructed as a way of monitoring and 
ensuring adequate capacity and improving LOS. 

Another concern involves the lack of a holistic response to these 
impediments. Sidewalk blockages also have systemic effects. It 
is well known that crowds exhibit characteristics similar to fluid 
mechanics (77). which suggests that simply banning street perform- 
ers in one place may just displace the problem to another location 
Efforts are under way to use advanced modeling and software to 
understand these effects to develop an areawide understanding of 
the problems and potential solutions. 

Three directions for policy making emerge from this study. The 
first involves reexamining the continued implied use of private side- 
walks for public uses other than walking. Do the same benefits of free 
speech and the right to earn commerce also apply to these shared 
areas? A second avenue for policy analysis involves looking more 
closely at the consequences of banning certain activities from one 
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area but not others, which may simply displace the problems of 
impeded pedestrian flow and congestion to other places. A districtwidc 
approach may be needed to determine when and where such activi- 
ties are most appropriate. Finally, there may be an "overriding pub- 
lic purpose related to walking and pedestrian movements that should 
take precedence over the other potential uses of the sidewalk. If side- 
walks are meant first for walking and pedestrian movements, then it 
may ^ reasonable to establish and enforce more definitive standards 
about flow, LOS, and performance. Similar to overriding concerns 
about safety, perhaps congestion management policies pertaining to 
sidewalks need to be established in areas such as Waikiki where there 
is heavy pedestrian traffic. 

There has been improvement in understanding pedestrian LOS 
since Fruin ( IR) proposed the concept in 1971, but there remains 
a need for more research and development. There is a need to 
develop not just understanding of how different pedestrians inter- 
act with each other but also in terms of their perception and use of 
physical space. Much is known about pedestrian behavior— for 
example, that walk speed is Gaussian distributed (79) but pedes- 
trian group sizes are Poisson distributed (2(7)— but there are still 
many questions about how pedestrians move about in urban areas. 
There is a need for more observational studies in places as walka- 
ble as Waikiki. Much was learned about pedestrian behavior in this 
study, but there is still a need to understand better the differences 
between pedestrians, not just in terms of their walking speed and 
gait but also their responses to various stimuli. There are larger 
questions about wayfinding and movements associated with 
crowds. There is a need to integrate pedestrian LOS studies with 
other policy and regulatory inquiries so that the rights of pedestri- 
ans and performers arc better understood and protected. Research 
in Hawaii will entail collecting more data on pedestrian behavior 
and developing new tools and analytical approaches for studying 
and measuring pedestrian movements, flows, and LOS. Work using 
fixed video surveillance cameras as well as the development of 
pedestrian conflict methods is under way. Whereas there are also 
new tools such as cellular automata and agent-based modeling (27) 
that have been applied to pedestrian studies, there is more need to 
research and study physical environments and to examine the dif- 
ferential behaviors of tourists, workers, elderly, children, and other 
groups coming from all over the world who walk in Waikiki. 
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Characteristics Related to Midblock 
Pedestrian-Vehicle Crashes 
and Potential Treatments 

Laura Sandt and Charles V. Zegeer 



Reducmg pede st ria„ crashes is a top priority for transportation profes- 
stonals. Pedestrian crashes at ntidblock locations occur frequently and 
need further investigation. The purpose of this exploratory stud, is to 
understand the characteristics of midblock pedestrian crashes to de- 
termine appropriate safety treatments. The primary objective was to 
compare mfdblock and intersection crashes in light of their roadway 
characteristics, environment, and characteristics of the involved parties 
to provide information on the most common factors related to midblock 
crashes. Databases from Kentucky, Florida, and North Carolina were 
used to determine which crash variable categories have significantly 
higher proportions at midblock locations as opposed intersections. The 
distribution of crashes was compared across the two groups. The results 
of a Mest determined the significance of differences of means observed 
between the two crash groups. Several variables (such as lighting condi- 
lions and divided versus undivided roads) are similarly distributed 
among midblock and intersection crashes. Furthermore, the study high- 
lighted the categories within the variables tested with significantly higher 
proportions in midblock crashes as opposed to intersection crashes in one 
or more of the databases. These include two-lane roads, younger male 
pedestrians involved m the crash, residential land use patterns, and rural 
crash locations. This paper identifies areas and variables where further 
research is appropriate, particularly with respect to determining safety 
treatments for midblock locations. 


A s traffic congestion increases, automobile pollution intensifies, and 
safety hazards ar.se for vehicle drivers and pedestrians, transporta- 
tion professionals have sought alternatives to mitigate these growing 
problems. One solution is to improve pedestrian facilities to accom- 
modate more pedestrians. However, simply building pedestrian facil- 
mes is not the complete solution; safety issues must be addressed as 
well to make walking a viable mode choice. 

There is considerable research and guidance for making street 
crossings safer for pedestrians, but much of the focus is on reducing 

!T~ lated crashes - Intersection crashes are those located 
ithin the influence of a roadway intersection, whether directly at 
the intersection of two streets or close enough to it that the officer 
reporting the crash data determined that the cause of the crash was 
related to the presence of the intersection. Intersection crashes are a 
common problem in urban areas. 
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Midblock crashes occur on segments of the road where intersec- 
tions are not present or do not play a role in the crash. Many studies 
exist pertaining to pedestrian crash types and conditions leading to a 
vehicle crash, but few have thoroughly investigated midblock crashes 
one of the most common crash experiences. There are a variety of rea- 
sons why pedestrians may choose to cross at midblock locations in- 
stead of at intersections and why crashes are prevalent at midblock 
locations. First, m.dblock often represents the shortest path for manv 
pedestrian trips and may be more convenient than other, possibly safer 
a tematives. Many pedestrians arc not willing (or able) to walk to the 
closest intersection to cross, particularly if it means walking greater 
distances to the intersection or if there is no clear advantage (e.g no 
traffic signal exists) to crossing at the intersection. Second, crossing 
at an intersection often requires a pedestrian to interact with right- and 
left-turning vehicles; therefore, crossing at midblock locations may 
be perceived as safer or easier than crossing at an intersection. This 
may be particularly true during peak traffic periods when turning 
movements are heavy at intersections and when turning motorists are 

U ™ ''" 8 y ‘ thC ri 8 ht -° f - wa y 10 mossing pedestrians. 

M.dblock crashes are more common in rural areas, where there is 
ess development and fewer intersections are present. However 

bey ° nd area type and ,and usc that dis- 
nguish the differences between intersection and midblock crashes 

Many agencies have jurisdiction over both rural and urban areas 
that experience intersection-related and midblock crashes and need 
information and guidance to understand these crash trends and to 
determine appropriate solutions. This paper addresses the need to 

how T h T CraShCS fr ° m intersection crashes and to relate 
how these differences affect potential treatments aimed at reducing 

pedestrian crashes. These treatments could be critical not only in 

r,™ ° S n ng Z CS bU ' a ' S0 m fUrthcr P romot mg a mode of trans- 
portation that could potentially reduce the effects of traffic congestion 
on society and the environment. 


STUDY OBJECTIVES 

The primary objective of this exploratory study is to provide a better 
understanding of the characteristics specific to midblock crashes and 
the environment in which they take place. It seeks to identify traffic 
and roadway features that correspond to abnormally high proportions 
of crashes at m.dblock locations and to relate the findings to appro- 
priate safety treatments. As a secondary objective, this study investi- 
gates which characteristics of midblock crashes correspond to specific 
problems and known safety treatments. It provides an assessment of 
the treatments feasibility in reducing the frequency and severity of 
midblock crashes. This paper also identifies relationships and issues 



Safety in Numbers 

Data from Oakland, California 


It* 


Judy Geyer, Noah Raford, Trinh Pham, and David R. Ragland 


This paper adds material to the ongoing body of literature exploring the 
effect of pedestrian volume on safety for pedestrians. Observed and exist- 
ing data for 247 intersections in Oakland, California, were used to model 
the effect of pedestrian volume on the number and rate (number of col- 
lisions per pedestrians) of vehicle-pedestrian collisions at or near these 
intersections. The study used a data set containing pedestrian collisions, 
average annual pedestrian volume, average annual vehicle volume, and 
other intersection characteristics. Estimates of the model parameters 
show that the number of pedestrian collisions increases more slowly than 
the number of pedestrians; that is, the collision rate decreases as the 
number of pedestrians increases, consistent with previous studies by 
I^den and Jacobsen. Specifically, a doubling of the number of pedestrians 
(increase of 100%) is associated with only a 52% increase in the number 
of vehicle-pedestrian collisions, with the corresponding rate decreasing by 
about 24%. If further research shows this association to be causal, and 
not due to variation in intersection characteristics or selection factors 
involving pedestrian choice, the implications for policy and planning 
involving pedestrians are substantial. 

Recent research has suggested that a greater concentration of pedes- 
trians in a given area may increase traffic safety for those pedestri- 
ans. Specifically, areas with higher pedestrian concentrations may 
be associated with lower rates of vehicle-pedestrian collisions and 
lower rates of pedestrian injuries. This finding is both interesting and 
important and may have important implications for traffic planning 
and policy. 

The strongest evidence comes from a 2003 publication by Jacobsen 
that analyzed three population data sets from California, Denmark, 
and Europe (7). Within each location, the study found that towns with 
a larger proportion of pedestrian trips or pedestrian distance traveled 
also had lower rates of injury per pedestrian. Whereas the absolute 
number of injuries increased with additional numbers of walkers, 
the rate — the average number of injuries per pedestrian — decreased. 
The data sets roughly fit an inverse exponential curve with a power 
of 0.4, which means that, as the proportion of pedestrians doubled, 
the number of pedestrian injuries increased by only 2 0 4 , or 32% — 
much less than the doubling of injuries that might be expected. 
However, the data presented in the Jacobsen paper are ecologic — 
that is, aggregate data are presented on a town or city level — and 
thus the information cannot be extrapolated to the level of the indi- 
vidual pedestrian. Also, the study did not control for the number of 
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vehicles, which means the observations could conceivably be a result 
of pedestrians favoring areas with less traffic. 

Leden focused on risk to pedestrians from turning vehicles in 
Hamilton, Ontario, Canada (2). Data were analyzed from 66 pedes- 
trian collisions at approximately 300 signalized intersections over the 
period 1983-1986. This study also found that a higher concentration 
of pedestrians was associated with a lower rate of pedestrian injury. 
However, the results were observed primarily in semiprotected left 
turns — that is, left turns with no oncoming traffic for the vehicle 
(such as on a one-way street). Right turns showed only a small asso- 
ciation, and unprotected left turns were not examined. The relevant 
analysis also did not control for the number of vehicles or other 
intersection characteristics. 

Finally, Ekman (3) examined 95 nonsignalized intersections in 
Sweden and found no influence of pedestrian concentration on 
injury rate. Although the evidence appears mixed for pedestrians, 
several studies have found a stronger and more consistent effect for 
cyclists (7, 3-5). However, in total relatively little research has 
been conducted on this important question, possibly because the 
pedestrian volume data necessary to conduct such studies are not 
routinely collected by government agencies concerned with traffic 
safety (7). 

The present study adds to the growing body of research by pre- 
senting data on pedestrian safety at 247 intersections in Oakland, 
California. Unique strengths of the study include its focus on specific- 
geographic locations and controlling for potential confounding vari- 
ables such as vehicle volume and roadway characteristics. 

METHODS 

Site 

All research was conducted in Oakland, California, which is located 
directly across the bay from the city of San Francisco. Oakland has an 
economically and racially diverse population of about 400,000 people. 

Data 

Pedestrian Volume 

Estimates of pedestrian volume were generated for Oakland using the 
pedestrian modeling process known as Space Syntax (6). Space Syn- 
tax is a suite of modeling tools and simulation techniques used to ana- 
lyze pedestrian movement and to predict pedestrian volume. It was 
created at University College of the University of London in the mid- 
1980s and has been widely used in planning projects throughout 
Europe and Asia. The model analyzes layout and connectivity of 
urban street grids to generate “movement potentials," which it com- 
pares with sampled pedestrian counts and land-use indicators such as 
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population and employment density. The resulting correlations can 
be extrapolated to predict pedestrian volumes on a street-by-street 
level for an entire city. A full description of Space Syntax methods 
has been published (6). 

Input data for this study included local population and employment 
densities taken from the U.S. Census 2000, a network analysis of 
pedestrian routes in Oakland, and observed movement samples for the 
intersections of interest. Annual pedestrian trips were then estimated 
for every street and intersection in the city using Space Syntax route 
choice algorithms. Estimated annual pedestrian volume for the inter- 
sections ranged from 76,896 to 3,058,752 pedestrians per year. The 
output of the model demonstrated a strong correlation between pre- 
dicted and observed volume counts at a sample of 42 intersections 
throughout the city (r 2 = . 7717, p<. 001). Figure 1 presents the distri- 
bution of average annual peak-period pedestrian volumes in Oakland 
by intersection. 

Vehicle Volume 

Vehicle volumes were obtained from the city of Oakland for 455 street 
segments and intersections, including the 247 study intersections. The 
data were originally gathered by the city for ongoing traffic studies and 
included observations over a period of 3 years, between January 1, 



2000, and December 31, 2002. This data set is based on a sample of 
major arterials, secondary roadways, and local streets. Counts were 
conducted using a combination of automatic vehicle counters and 
radar speed guns. Annual vehicular traffic at study intersections ranged 
from 1 1 ,392 to 19,282,384 vehicles per year. 

Other Intersection Data 

The following variables were collected through direct observation 
of the 247 study intersections: 

• Number of lanes on the primary street, 

• Number of lanes on the secondary street, 

• Traffic signal (yes or no), 

• Two-way stop sign (yes or no), 

• Four-way stop sign (yes or no), 

• Other traffic control (yes or no), 

• Marked crosswalks (number), 

• Unmarked crosswalks (number), 

• Median on either primary or secondary street (yes or no), 

• Median on both primary and secondary streets (yes or no), 

• Bike lane on either street (yes or no), and 

• Neighborhood type (residential, commercial, mixed use). 



FIGURE 1 Estimated peak-period pedestrian volumes at Oakland intersections. 
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Vehicle-Pedestrian Collisions 

Pedestrian-vehicle collision data were gathered from the Statewide 
Integrated Traffic Reporting System (SW1TRS), a database of 
reported motor vehicle collisions created and maintained by the Cal- 
ifornia Highway Patrol. Three years of pedestrian-vehicle collision 
data on 247 intersections identified 1 85 pedestrian-vehicle collisions 
from 2000 through 2002. The number of vehicle-pedestrian collisions 
for each intersection ranged from 0 to 6 (Figure 2). The number of col- 
lisions is likely to be underestimated because only those collisions 
reported to the police are recorded in the SWITRS database. 

Analyses 

The goal ot the analysis was to estimate the association between the 
concentration of pedestrians at the 247 intersections and the number 
and rate of vehicle-pedestrian collisions, controlling for vehicle vol- 
ume and other intersection and neighborhood characteristics. A gen- 
eral model was chosen that was used in both the Jacobsen (7) and 
the Lcden (2) studies, in which the expected number of collisions at 
intersection / is a function of the product of an intercept term and the 
vehicle and pedestrian volume raised to parameter constants: 

collisions, = exp(a)pedestriansf vehicles? 2 (1) 

where 

a = intercept term, 


P 1 = parameter capturing the effect of the number of pedestrians, 
and 

= parameter capturing the effect of the number of vehicles. 

The actual model evaluated with the Genmod procedure in SAS 
(7) was the following: 

collisions, = exp(a)pedestriansf vehicles? 2 exp((3, • Z) (2) 

where Z is a set of intersection characteristics and (}, is the corre- 
sponding set of parameters. Dividing Equation 2 by the number of 
pedestrians at a given intersection will produce the rate of collision 
(i.e., the number of collisions per pedestrian). 

^c ollisions, _ ex p \ pedcstrignsf*' ~ ’ Ve h i C tes p 2 e x p(8, • Z) (3) 

pedestrians, ' ■ ' 

In these models, the coefficient P, holds particular interest. If P, 
is greater than 0, then the absolute number of pedestrian collisions 
increases as the number of pedestrians increases. A coefficient of 1 
indicates that the number of pedestrian collisions is exactly propor- 
tional to the number of pedestrians — a doubling of the number of 
pedestrians, for example, results in a doubling of the number of 
pedestrian collisions. In this scenario, the rate of collisions is indepen- 
dent of the number of pedestrians (because P, - 1 = 0). A coefficient 
less than 1 but greater than 0 indicates that the number of collisions 
increases as the number of pedestrians increases, but the rate of col- 
lisions decreases. A coefficient of 0 indicates a constant number of 



FIGURE 2 Annual pedestrian-vehicle collisions in Oakland, 2000-2002. 


Geyer, Raford, Pham, and Ragland 


153 


T 


TABLE 1 Results from Multivariate Model of Vehicle Volume, 
Pedestrian Volume, and Intersection Characteristics 


Variable 

Estimate 

95% Confidence Interval 

p-Value 

Intercept 

-11.46 

-16.24 to 6.69 

<0.0001 

Vehicle volume 

0.15 

-0.07 to 0.38 

0.19 

Pedestrian volume 

0.61 

0.37 to 0.85 

<0.0001 

Resident iaF 

0.46 

0.09-0.83 

0.01 

Commercial 

0.65 

0.22 to 1.08 

0.003 


collisions, = cxp(a) pedestrians?' vehicles 1 ,'" exp(fi 3 • Z ) 

“As compared with mixed use (residential and commercial) 


collisions, and a coefficient of less than 0 would indicate a decreasing 
number and rate of collisions. 

Parameters and corresponding confidence intervals were esti- 
mated from the intersection data. It was assumed that the number of 
collisions followed a Poisson distribution. 

RESULTS 

The initial model included pedestrian volume, vehicle volume, and 
all other variables listed. Of the variables other than pedestrian vol- 
ume and vehicle volume, only variables describing neighborhood 
type were significant predictors of the number of pedestrian injuries, 
with intersections in commercial and mixed use (residential and com- 
mercial) having increased risk compared with intersections in resi- 
dential neighborhoods. The final model included pedestrian volume, 
vehicle volume, and the neighborhood type variables (Table 1 ). 

Expected annual numbers of collisions were generated from the 

( statistical model for each of the 247 intersections and plotted against 
the number of pedestrians (in units of 1,000,000) along with a curve 
illustrating the power function for pedestrians (Figure 3). This plot 
indicates that the number of collisions increases with the number 

I of pedestrians, but with decreasing steepness. The estimate for the 
power coefficient for annual pedestrian volume was 0.61 (95% con- 
fidence interval, 0.37-0.85) (Table 1). This value indicates that the 
number of collisions increased as the number of pedestrians increased, 
but the increase in collisions was less than a linear proportion of the 
number of pedestrians. In this instance, as pedestrian volume dou- 
bled (an increase of 100%), the number of pedestrian collisions 


increased by a factor of 2 0M = 1.53, or only 53% (95% confidence 
interval, 29%-80%). Because this figure was generated through a 
multivariate analysis, it controls for increased vehicle volume as well 
as intersection characteristics. 

The expected number of collisions for each intersection was 
divided by the number of pedestrians at that intersection to calculate 
the expected rate of collisions (Figure 4). This plot shows a sharp 
decrease in rate with increasing number;* of pedestrians. As the num- 
ber of pedestrians doubled, the rate of collisions decreased by a factor 
of 2 ,0 - 6M) = 0.76, or about 24%. 

Last, as indicated in Table 1 , the estimated coefficient for vehicle 
volume is 0.15, with a confidence interval of -0.07 to 0.38, which 
includes the null value. The coefficient of 0.15 indicates that the 
number of pedestrian collisions increases with vehicle volume, but 
the increase is less than a linear function of the number of vehicles. 


DISCUSSION OF RESULTS 

This study added a new data set to the body of research examining 
pedestrian volume and traffic safety. Data on pedestrian volume and 
injury risk at 247 intersections in Oakland, California, were gener- 
ated from a combination of existing data sets, direct observation, 
and innovative modeling techniques. The results were generally 
consistent with previous studies in Canada, Europe, and other Cali- 
fornia cities (7,2). The model estimated the exponent for pedestrian 
volume as 0.61. Leden estimated this coefficient to be 0.33 for col- 
lisions caused by left-turning vehicles and 0.48 for those caused by 
right-turning vehicles (2). Jacobsen estimated this coefficient to be 
0.41 when pedestrian exposure is measured in “proportion of jour- 
neys to work taken on foot,” 0.36 when measuring annual kilo- 
meters walked, and 0.13 for number of trips on foot (per capita) (7). 
Although the measures of volume differ, all these studies produced 
roughly similar results, with power estimates for the number of 
pedestrians generally between 0.33 and 0.61, indicating that, in all 
these studies, a larger concentration of pedestrians was associated 
with decreased pedestrian injury risk. The results may have been rel- 
atively attenuated because of the inclusion in this model of vehicle 
volume, a factor that was not controlled for in the other two studies. 

One possible interpretation of the results is that increasing the vol- 
ume of pedestrians in a given area will result in increased safety for 
individual pedestrians in that area. This interpretation was put for- 
ward by Jacobsen, Leden, and Robinson (7,2,5), among others. The 






FIGURE 3 Expected ennuel number of collisions by annuel number of pedestrians 
for 247 intersections in Oakland (January 1, 2000, to December 31, 2002). 
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FIGURE 4 Expected annual rate of collisions (number per pedestrian) by annual 
number of pedestrians at 247 intersections in Oakland (January 1 , 2000, 
to December 31, 2002). 


rationale behind the argument is that one of two mechanisms would 
operate to decrease risk. The first mechanism is that an increased num- 
ber of pedestrians would influence driver behavior by (a) increasing 
expectations that a pedestrian will be encountered. ( b ) decreasing 
driver speed, and (c) increasing driver yielding behavior. The second 
possible mechanism is that the larger number of pedestrians will cre- 
ate an impact on pedestrian behavior including (a) cues transmitted 
about vehicle movement and ( b ) increased assertiveness, which in 
turn might have an impact on drivers. 

Although this interpretation — that manipulating pedestrian volume 
will affect pedestrian safety — may be desirable from a traffic-planning 
standpoint, other interpretations are possible. One possibility for the 
observed relationship is that intersections with a larger number of 
pedestrians are different in traffic volume, leading to differences in 
the number of collisions. However, this possibility is eliminated in the 
present study because traffic volume was assessed and included in the 
statistical model, thus adjusting for any differences across inter- 
sections in vehicle volume. Another possibility is that intersections 
with a larger number of pedestrians differ in other safety characteris- 
tics from intersections with a smaller number of pedestrians. This study 
accounted for a large number of characteristics, including number of 
lanes and type of traffic control device. These variables were not 
strong predictors of vehicle-pedestrian collisions, and even when all 
these characteristics were included in the model, the impact on the 
association between pedestrian volume and vehicle-pedestrian colli- 
sions was negligible. A third possibility is that a selection factor exists 
in which pedestrians may choose 'to walk in areas that are safer, 
resulting in a finding of larger pedestrian volume in areas with lower 
collision risk. Selection factors cannot be ruled out with the current 
data, although such factors would have to be very substantial to 
account for the results found in this study. 

If a causal relationship is ultimately demonstrated so that increasing 
the number of pedestrians decreases the risk for individual pedestrians, 
the implications for pedestrian safety planning and transportation pol- 
icy are substantial. Policy makers and traffic engineers may be reluc- 
tant to encourage walking through engineering, education, or special 
programs for fear that the change might increase the total number of 
pedestrian injuries per year. If risk per pedestrian declines as the 
number of pedestrians increases, then the absolute number of pedes- 
trian deaths may still increase, but not proportionate to the increased 
number of pedestrians. 


The potential policy implications of the current findings underlie 
the importance of further work to understand the relationship between 
pedestrian volume and risk of vehicle-pedestrian collisions. Estab- 
lishing that the association is causal would indicate that policies to 
increase the number of pedestrians will result in a true decline in risk 
for individual pedestrians. Understanding the mechanisms of such a 
causal association may provide clues about how to reduce pedes- 
trian risk and how to enhance the impact of increased numbers of 
pedestrians. 
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' Observational Analysis of Pedestrian, 
Bicyclist, and Motorist Behaviors 
at Roundabouts in the United States 

David L. Harkey and Daniel L. Carter 


Roundabouts continue to gain popularity in the United States as an 
intersection treatment for improving operational efficiency and motor 
vehicle safety. A number of studies conducted in the United States and 
other countries have show n the benefits of roundabouts for these purposes. 
However, there is still concern that roundabouts may not provide safety 
or operational benefits for pedestrians and bicyclists. Crash-based studies 
of pedestrian and bicyclist safety in the United States have fallen short 
because of the relatively small number of roundabouts installed to date, 
which results in sample size issues due to the low number of motor vehicle 
collisions involving pedestrians and bicyclists. This study was undertaken 
as part of an NCHRP project. This paper focused on analyzing the 
interactions between motorists and pedestrians or bicyclists at round- 
abouts. This research did not find any substantial safety problems for 
nonmotorists at roundabouts based on conflicts or collisions. At the 
same time, the findings from behavioral observation have highlighted 
some aspects of roundabout design that require additional care to ensure 
safe access for pedestrians and bicyclists. Emphasis needs to be placed 
on designing exit legs to ensure proper sight lines and motor vehicle 
speeds. The junction of the circulatory lane and exit lane was observed 
to be the location of greatest risk for bicyclists. Multilane roundabouts 
may require additional traffic control measures to ensure safe access 
for pedestrians. 


Roundabouts continue to gain popularity in the United States as an 
intersection treatment for improving operational efficiency and motor 
vehicle safety. A number of studies conducted in the United States 
and other countries have shown the benefits of roundabouts for these 
purposes. The most comprehensive and methodologically sound study 
on motor vehicle safety in the United States indicated that round- 
abouts reduce all motor vehicle crashes by 40% and injury crashes 
by 80 %(/). 

However, there is still concern that roundabouts may not provide 
safety or operational benefits for pedestrians and bicyclists. Crash- 
based studies of pedestrian and bicyclist safety in the United States 
have fallen short because of the relatively small number of round- 
abouts installed to date, which results in sample size issues due to the 
low number of motor vehicle collisions involving pedestrians and 
bicyclists. Studies from other countries, where roundabouts have a 
much longer history, have shown safety benefits for pedestrians. In the 
Netherlands, a study of 1 8 1 intersections converted to roundabouts 
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found a 13% reduction in pedestrian collisions (2). In the United 
Kingdom, the rate of pedestrian crashes at conventional roundabouts 
is 0.45 crash per million trips, compared with a rate of 0.67 crash per 
million trips for signalized intersections (3). For bicyclists, studies 
from other countries have validated the concern for safety. In France, 
one study showed bicyclists to be involved in crashes at roundabouts 
more often than at signalized intersections, and the roundabout 
crashes tended to be more severe (2). In the United Kingdom, the 
rate of bicyclist crashes at conventional roundabouts is 2.91 crashes 
per million trips, compared with 1.75 crashes per million trips for 
signalized intersections (3). 

This study was undertaken as part of the NCHRP project Applying 
Roundabouts in the United States (4). The objectives of that study 
were to develop methods of estimating the safety and operational 
impacts of roundabouts and to refine existing design criteria. The 
analysis discussed in this paper focused on the pedestrian and bicyclist 
aspect of these objectives and involved an observational analysis of 
pedestrian, bicyclist, and motor vehicle behaviors at roundabouts 
throughout the United States. 

METHODOLOGY 

The objectives of the observational analysis were to characterize 
how pedestrians and bicyclists interact with motor vehicles at round- 
abouts, make a safety assessment on the basis of these observations, 
and determine whether there is an association between the observed 
behaviors and the geometric and operational characteristics. Meeting 
the study objectives required the collection of observational data from 
a sufficiently large number of roundabouts with an array of geo- 
metries and operational conditions. The analysis produced a series of 
descriptive statistics from the acquired and derived data for each site, 
which defined the actions and behaviors of pedestrians and motorists. 
These behaviors were then compared across sites to determine which 
locations should be reviewed more closely. The sites that appeared 
to produce behaviors substantially different from the mean values for 
like sites were reviewed to determine whether there were geometric 
or operational features at those locations that may have contributed 
to the observed behaviors. 

In addition to making comparisons among the roundabout sites, an 
effort was also undertaken to compare the results from the pedestrian 
analysis in this study with those of a separate study being conducted 
by FHWA, Pedestrian and Bicyclist Intersection Safety Indices: 
Research Report (5). Specifically, the pedestrian time and behavior 
results from the roundabout approaches in this study were compared 
with similar data that were collected for two-way stop-controlled, 
four-way stop-controlled, and signalized intersections within the 
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Effects of Various Minimum Green Times 


on Percentage of 
for Midblock “Walk” Signal 


Waiting 


Ron[Van _Houte n, Ralph Ellis, and Jin-Lee Kim 

Pedestrians often do not wait for the “Walk" sign at signal-controlled 
midblock crossings. Many factors may contribute to this phenomenon, 
but one variable could be the waiting time. One study has shown that as 
the waiting time for an elevator in university buildings was systematically 
increased, more people took the stairs rather than the elevators. It is 
likely that the major reason why people try to cross against the signal at 
midblock signal-controlled crosswalks when there are gaps in traffic in 
the first half of the roadway is the length of the average waiting time. It 
is common to have minimum green times of 1 min or more on a main 
line with a signal-controlled midhlock crosswalk. Arriving early in a 
cycle, a pedestrian may become frustrated and attempt to cross a street 
with fast, heavy traffic. The purpose of this study was to determine the 
effect of waiting time on pedestrian signal compliance at two midblock 
crosswalks in Miami-Dade County, Florida. One crosswalk traversed 
an arterial multilane road with two-way traffic, and the second crosswalk 
traversed a multilane road with one-way traffic. At both crosswalks the 
minimum green time varied between 30 and 120 s. The results indicated 
that the rate of pedestrian compliance decreased as the minimum green 
time was increased and that the rate of compliance dropped more rapidly 
as the minimum green time was increased at the location with the lower 
average daily traffic and one-way traffic. The data also showed that the 
percentage of pedestrians trapped at the centerline increased with an 
increased minimum green time. 


Midblock pedestrian signals should be one of the safest locations for 
pedestrians to cross the street because conflicts with turning vehicles 
are not present and the signals control through traffic. However, data 
do not support these positive safety effects of midblock crossings 
(/). It has been suggested that the major reason for the absence of a 
positive behavior effect is pedestrian signal violations (/). Data indi- 
cate that pedestrians at signalized intersections will violate the sig- 
nal to reduce delay (2, J). The rate of signal compliance has a wide 
range of values at these sites, depending on whether the road carries 
one-way traffic, the frequency of vehicle gaps, and the degree of 
vehicle congestion (2). Pedestrians are more likely to violate a sig- 
nal if there are large gaps in traffic. Vehicle platooning and low traffic 
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volumes can be expected to generate more gaps than saturated flow. 
Other factors that might be assumed to influence pedestrian compli- 
ance are the presence of a median island, the width of the highway, 
the number of lanes to be crossed, and whether pedestrians need to 
look for traffic in both directions or only one direction, as is the case 
at one-way streets. 

Another factor that should be expected to influence pedestrian 
compliance at traffic signals is pedestrian waiting time. Studies have 
shown that pedestrians will change their travel mode from an elevator 
to stairs for short trips if the time that they must wait for the elevator 
is systematically varied (4). Similar results should be expected if the 
waiting time at crosswalks is varied. The purpose of the experiment 
described here was to determine how waiting time affects pedestrian 
compliance by systematically varying the waiting time by adjust- 
ing the minimum green time at midblock pedestrian signals run in 
isolation mode. 


METHOD 

Participants and Setting 

The participants were pedestrians crossing at two signalized midblock 
crosswalks in Miami, Florida. One crosswalk was located on Alton 
Road, between 14th Street and 14th Court, and connected a drugstore 
on the east side of the crosswalk with a bus stop on the west side of 
the crosswalk. This site had two lanes of traffic in each direction 
separated by a double yellow line, along with on-street parking. The 
speed limit on Alton Road was 35 mph, the average daily traffic 
(ADT) count was 45,500, and the pedestrian counts averaged 23/h 
during daytime hours. The second crosswalk was located at 1300 
Southwest 8th Street and connected two urban shopping areas. The 
site had three lanes carrying one-way traffic, with on-street parking 
on both sides of the street. The speed limit on Southwest 8th Street 
was 30 mph, the ADT count was 24,500, and pedestrian counts aver- 
aged 15.6/h during the daytime period. 

Design of Experiment 

Before the start of the study, both signals were run in synchronous 
mode, and the cycle length was 1 30 s between 8 a.m. and 8 p.m. at the 
Alton Road crosswalk and varied from 90 s to 1 20 s at the crosswalk 
on Southwest 8th Street. A counterbalanced multielement design 
was used in this experiment. This design required varying the inde- 
pendent variable (the vehicle minimum green time) in a random 
order, with several replications of each level of the independent var- 


iable at each site. Alter the use of the baseline condition, the signals 
were placed in isolation mode and the vehicle minimum green time 
on the main line of the crosswalk traversed was varied, with duration 
conditions ol 30. 60. and 129 s tested. Each condition was in effect 
at each crosswalk for a number of days before the green time inter- 
val was changed to the next duration. At the Alton Road site the 60- 
and 120-s-duration conditions were each presented twice, whereas 
the 30-s duration was presented only once. At the site on Southwest 
8th Street the 30- and 60-s durations were each presented twice and 
the 120-s duration was presented once. Table 1 shows the number 
of observations made at each site for each of the three conditions. 


Measures 

During each observation session, data were collected for a sample of 
30 pedestrians crossing the street when vehicles that could influence 
crossing behavior were present. Data were collected between the hours 
of 8:30 a.m. and 4:00 p.m. when it was not raining. The observers 
measured the following behaviors: whether the pedestrian pressed the 
call button, whether the pedestrians who pushed the button crossed 
during the "Don't Walk" sign or waited for the "Walk" sign to cross, 
the occurrence ot evasive conflicts between the motorist and the 
pedestrian, whether the pedestrian was trapped in the roadway for 
5 s or more when he or she was crossing, the amount of time between 
the time that the pedestrian pushed the call button and the presentation 
ot the "Walk" sign for pedestrians who complied and who failed to 
comply with the pedestrian signal, and vehicle delay. Data were col- 
lected only lor pedestrians who pressed the call button at both sites 
because the signal changed only when the call button was pressed. 

Whether Pedestrian Pressed Call Button 

1 he observers scored whether each pedestrian pressed the call button. 
If more than one pedestrian pressed the call button on a particular 
cycle, only the first person to press the button was scored. 

Percentage of Cycles That a Pedestrian Who 
Pressed the Call Button Waited for "Walk" Sign 

The percentage of cycles that a pedestrian who pressed the button 
waited for the "Walk" sign was computed by dividing the number of 


times that a pedestrian who pressed the button waited for the "Walk" 
sign by the total number of pedestrians w ho pressed the button. 

Percentage of Cycles That a Pedestrian 
or Vehicle Had to Take Evasive Action 

A conflict involves an evasive action by a motorist or a pedestrian 
when the vehicle and the pedestrian are on a collision course. Evasive 
action can consist of a motorist making a sudden stop or a pedestrian 
suddenly stepping back, lunging back, or running forward to avoid 
being struck by a vehicle. This measure was computed by dividing 
the number of pedestrians who pressed the call button and who had 
an evasive conflict by the number of pedestrians who pressed the call 
button. This measure was also computed separately for pedestrians 
who started to cross during the "Walk" and the "Don't Walk" phases. 

Percentage of Cycles That a Pedestrian 
Was Trapped in Road 

The percentage of pedestrians who were trapped at the centerline 
because of traffic in the second half of the roadway was observed 
during each condition. The percentage of cycles that a pedestrian 
was trapped in the road was computed by dividing the number of 
times that a pedestrian who pressed the call button was trapped in 
the road by vehicles for at least 5 s by the number of cycles that a 
pedestrian crossed. Five seconds was selected because a wait of 5 s 
or more did not reflect a mere breaking of the pedestrian’s stride but 
a delay that might increase the pedestrian’s discomfort. This mea- 
sure was computed separately for pedestrians who started to cross 
during the Walk and the "Don't Walk" phases. Pedestrians were 
trapped in the middle of the road or at the double line on Alton Road. 

Latency Between Call Button Press 
and "Walk" Sign 

1 he latency between the first pedestrian to press the call button and 
the appearance of the "Walk" sign was measured with a stopwatch. 
When a pedestrian pressed the call button, the observer started the 
stopwatch. When the "Walk" sign first appeared, the observer stopped 
the stopwatch and recorded the total time. This latency was mea- 
sured whether or not the pedestrians waited for the "Walk" sign or 
crossed against the signal. 


Behavior During "Walk" Sign 


TABLE 1 Data for Pedestrian Crossing 
for Two Intersections Studied 



30-s Vehicle 

6<)-s Vehicle 

120-s Vehicle 


Minimum 

Minimum 



Green Time 

Green Time 

Green Time 

Midblock Alton Road 

N (number of pedestrians 

150 

600 

840 

who pressed the call button) 


Mean pedestrian compliance {%) 

98 

85 

64 

Z score ( p ) 


7.78 (.01) 

18.38 (.01) 

Midblock 1 300 SW 8th Street 

N (number of pedestrians 

270 

90 

210 

who pressed the call button) 


Mean pedestrian compliance (%) 

82 

65 

61 

Z. score (p) 


4.49 (.01) 

5.92 (.01) 
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Vehicle Delay 

Stopped-time delay was measured by counting the number of stopped 
vehicles at 15-s intervals in each lane, and the volume count for 
the 30-min study period (the number of vehicles that crossed the 
stop bar for all lanes) was also measured. The average vehicle delay 
at the signal was computed in the following manner. First, the sum of 
stopped vehicles was multiplied by the sampling interval (in seconds). 
Next, this product was divided by the volume of traffic entering the 
intersection during the study period. 


RESULTS 


g 60.00 
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Statistical Analysis 

The Z-test for comparison of the proportions from variables that are 
dichotomous was used to analyze the data in this experiment. The 
analysis revealed that the proportion of pedestrians who violated the 
“Don't Walk” signal at the Alton Road crosswalk was significantly 
greater when the minimum green time was set at 60 or 120 s than 
when it was set at 30 s. The results also showed that the proportion 
of violators was greater when the minimum green time was set at 
1 20 s than when it was set at 60 s. The analysis also showed that the 
proportion of violators at Southwest 8th Street was greater when the 
minimum green time was set at 60 or 120 s than when it was set at 
30 s. The proportion of violators was also higher when the minimum 
green time was set at 1 20 s than when it was set at 60 s, although this 
finding was not statistically significant. The results of the statistical 
analysis are presented in Table 1. 


Pedestrian Compliance 

The percentage of pedestrians who pressed the button and who com- 
plied with the pedestrian signal is presented in Figure 1. Figure 1 a 
shows the percentage of pedestrians who waited for the “Walk” sign 
before crossing at the midblock signal at Alton Road. Ninety-eight 
percent of the pedestrians complied with the signal when the minimum 
green time was set at 30 s. When the minimum green time was set 
at 60 s, the rate of pedestrian signal compliance was 85%. When the 
minimum green time was set at 120 s, the rate of pedestrian signal 
compliance was 63.5%. These results show that the rate of compli- 
ance dropped off with an increasing waiting time in association with 
a longer minimum green time. 

Figure \h shows the percentage of pedestrians who pressed the but- 
ton and waited for the “Walk” sign before crossing at the midblock sig- 
nal at Southwest 8th Street. At this site 85% of the pedestrians waited 
for the “Walk” sign before they crossed when the minimum green time 
was set at 30 s. When the minimum green time was 60 s, the rate of 
pedestrian signal compliance was 65%, and when the minimum green 
time was 1 20 s, the rate of compliance with the signal was 61%. 



£ 60.00 
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(b) 

FIGURE 1 Percentage of pedestrians waiting for ’Walk’ sign 
at the midblock signals on (a) Alton Road and lb) Southwest 
8th Street plotted against the length of the minimum green time. 

the distribution of wait times for each minimum green interval for 
pedestrians who crossed during the “Walk” sign and those who 
violated the signal (did not wait for the “Walk” sign) at the Alton 
Road crosswalk. These data show that longer minimum green times 
are associated with longer wait times and that pedestrians who vio- 
lated the signal often did so during intervals with longer wait times. 
It should be noted that only one pedestrian violated the signal during 
the 30-s minimum green condition, and this pedestrian violated the 
signal after a short waiting time (see Figure 2b). Figure 3 shows the 
distribution of wait times for each minimum green interval for pedes- 
trians who crossed during the “Walk” sign and those who violated 
the signal (did not wait for the “Walk" sign) at the Southwest 8th 
Street crosswalk. These data also show that longer minimum green 
times are associated with longer wait times and that pedestrians vio- 
lated the signal more during intervals with longer wait times. 

Evasive Conflicts 

The percentage of evasive conflicts during each condition was low 
and did not allow a valid statistical comparison between conditions. 


Distribution of Pedestrian Wait Times for 
Pedestrians Crossing During "Walk” Sign 
and Violators 

Because people who arrive late in the cycle will have a shorter wait 
and will be less likely to violate the signal than pedestrians who 
arrive early in the cycle and have a longer waiting time, it should be 
expected that the waiting time for violators may be longer than the 
waiting time for nonviolators. The data presented in Figure 2 show 


Pedestrians Trapped in Roadway 

The percentage of pedestrians trapped in the middle of the roadway 
at the Alton Road midblock crosswalk is presented in Figure 4. These 
data show that the percentage of pedestrians trapped increased with 
the length of the minimum green time. Because almost all pedestrians 
crossed with the “Walk” sign when the minimum green time was set 
at 30 s, hardly any pedestrians were trapped in the roadway. The pro- 
portion of pedestrians trapped increased to 19% when the minimum 
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FIGURE 2 Distribution of wait times for each minimum green time condition for midblock crosswalk on Alton Road: 30 s (a) waits 
for walk and (6) violates signal; 1 min (c) waits for walk and W) violates signal; and 2 min (e) waits for walk and If) violates signal. 


green time was increased to 60 s and increased to 23% when the 
minimum green time was increased to 120 s. 

Vehicle Delay 

Average vehicle delay is plotted against the minimum green time for 
Alton Road in Figure 5. These data show that a decrease in the vehicle 
minimum green time is associated with longer vehicle delay. This 
effect is most striking when the minimum green time is reduced to 
30 s. At 30 s the average pedestrian delay is slightly less than the 
average vehicle delay. When the minimum green time was set to 
60 or 1 20 s, the average vehicle delay was less than the average 
pedestrian delay. 


Percentage of Pedestrians Pressing Call Button 

The proportions of pedestrians pressing the call button averaged 
70% at the crosswalk on Alton Road and 71% at the crosswalk on 
Southwest 8th Street. These represent reasonably high percentages 
of pedestrians pressing the call button. 


DISCUSSION OF RESULTS 

The results of this study show that the rate of pedestrian signal com- 
pliance at midblock signals is inversely related to the vehicle minimum 
green time. Because long vehicle minimum green times are associated 
with longer pedestrian delays, these data also document how pedestrian 
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FIGURE 3 Distribution of wait times for each minimum green time condition for midblock crosswalk at 1300 Southwest 8th Street: 
30 s (a) waits for walk and lb) violates signal; 1 min (c) waits for walk and Id) violates signal; and 2 min la) waits for walk and 
If) violates signal. 
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delay is related to pedestrian signal compliance. As expected, the 
percentage of pedestrians trapped at the double yellow line increased 
with increasing green time at the two-way street: Alton Road. 

The results also show that pedestrians complied with the signal 
better for all minimum green time values at the midblock signal on 
Alton Road than at the midblock signal at Southwest 8th Street. The 
reason for this difference is most likely related to the relative diffi- 
culty of crossing these streets. Alton Road had a higher ADT than 
Southwest 8th Street, and traffic was often saturated on Alton Road. 
This resulted in fewer gaps in traffic at the midblock signal on Alton 
Road than at the midblock signal on Southwest 8th Street. Because 
Southwest 8th Street was a one-way street, it was also easier for a 
pedestrian to determine a gap on Southwest 8th Street than on Alton 
Road, which carried two-way traffic. It is interesting to note that the 


curve relating the rate of compliance to vehicle delay fell off more 
slowly for the midblock crosswalk on Alton Road than it did for the 
midblock crosswalk on Southwest 8th Street. 

The data also show that a very short minimum green time (30 s) 
was associated with much longer vehicle wait times. These data 
show that trade-offs between pedestrian and vehicle delay need to 
be made. One implication of these results is that the entire system 
needs to be considered when changes in any aspect of signal timing 
are made. For example, increasing the pedestrian clearance time to 
accommodate slower pedestrians could result in longer minimum 
green times and the unintended consequence of increased pedestrian 
signal violations. 

It is likely that the number of lanes to be crossed, ADT. and 
vehicle speed all interact with minimum green time to determine the 



FIGURE 4 Percentage of pedestrians trapped in the crosswalk at Alton Road midblock 
crosswalk plotted against length of minimum green phase. 
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FIGURE 5 Average vehicle delay plotted against minimum green 
time on Alton Road. 

slope of the decrease in pedestrian compliance with increases in 
minimum green time and the amount of pedestrian compliance when 
minimum green time is set to the minimum practical value (30 s). 
Future research should be conducted to produce a model that allows 
engineers to calculate pedestrian compliance levels for any given 
minimum green time. 

SUMMARY AND RECOMMENDATIONS 

Because pedestrian signal violations at midblock crosswalks are 
associated with pedestrian crashes, it is important to improve pedes- 
trian signal compliance at these locations. One way to improve com- 
pliance is to decrease the pedestrian delay by reducing the minimum 


green time. In situations with traffic saturation, the minimum green 
time can be decreased with little effect on vehicle delay, and engi- 
neers should consider using a 60- or 30-s minimum green time in 
isolation mode, particularly when vehicle flow is saturated. These 
data also suggest that increasing the cycle length to accommodate 
slow pedestrians may also reduce pedestrian compliance. 

ACKNOWLEDGMENTS 

This research was funded by a cooperative agreement from FHWA. 
The authors thank Muhammcd Husan, Vishnu Rajkumar, and Robert 
Williams of the Miami-Dade County Public Works Department for 
their cooperation and support in carrying out this study. 

REFERENCES 

1 . Hyden. C. The Laudas Project— A Before Project Regarding Environmen- 
tal and Safety Issues in a Residential Area in the City of Bergen, Norway. 
Statens Vegvesen, Distriktskontorct i Bergen. Norway, 2003. 

2. Virkler, M. R. Pedestrian Compliance Effects on Signal Delay. In Trans- 
portation Research Record 1636, TRB, National Research Council. 
Washington, D.C.. 1998. pp. 88-91. 

3. Braun. R.. and M. Roddin. NCHRP Report 189: Quantifying the Benefits of 
Separating Pedestrians and Vehicles. TRB, National Research Council. 
Washington, D.C., 1978. 

4. Van Houten, R., P. A. Nau, and M. Merrigan. Reducing Elevator Energy 
Use: A Comparison of Posted Feedback and Reduced Elevator Convenience. 
Journal of Applied Behavior Analysis, Vol. 14, 1981. pp. 377-387. 


The Pedestrians and Cycles Section sponsored publication of this paper. 









